spent in practice, full-contact practice, strength training, and games and then to correlate these measures of injury exposure to the weekly toll of injuries. The hypothesis was that practice and game injuries would be related to injury exposures.
Methods
The study was approved by the university's institutional review board. No information identifying specific players was recorded in the study's database. Over 4 consecutive fall football seasons (2009) (2010) (2011) (2012) , the volume of training and injuries were collected for 1 Division I Football Championship Subdivision (FCS) NCAA intercollegiate football team.
Injuries
Injury data were recorded daily by the athletic training staff using a computerized system (SportsWare). All injured players were evaluated by the athletic training staff and a team physician within 1 day of injury. Injuries and the number of days missed from practice and games were recorded when there was at least 1 day of absence from full athletic participation. If an injury would have prevented participation after the end of the season, the time to return to participation was estimated. Injuries were classified as severe when they prevented participation for at least 10 days.
Full-Contact Practice, Total Practice, and Formal Scrimmage/Game Exposures
Formal team activities were recorded daily by the football athletic training staff. For each practice, the number of athletes present and the minutes devoted to each type of practice activity were recorded. Injury exposure was based on the number of athletes present multiplied by the minutes devoted to an activity. This was recorded as athletes exposed (AE) multiplied by the minutes (Min), or AE × Min.
Athlete exposures for preseason scrimmages were analyzed as a game activity. Scrimmages were assigned minutes of exposure based on the number of athletes present and the activity duration.
Strength Training
Strength training was a separate activity from practices or games. These sessions were conducted after a short practice. Strength training sessions lasted up to 60 minutes. Strength training was not considered as an injury exposure activity.
Athlete Exposures
Athlete exposures to injury, expressed as AE × Min, were calculated weekly for 3 activities: full-contact practice, 48 total practice (calisthenics, instructional drills, and full-contact practice), and scrimmages or games. Full-contact practice was included within total practice but was also recorded separately. Preseason scrimmages were evaluated as game activities. To evaluate for a possible cumulative effect of training, athlete exposures were also calculated for the combinations of total practice plus scrimmages or games and full-contact practice plus scrimmages or games.
Data and Statistical Analysis
The practice injury rate for each week was calculated based on practice injuries divided by the total practice athlete exposures for the week. The game injury rate for each week was calculated based on game injuries divided by the game athlete exposures for the same week.
The numbers of injuries, injury rates, and athlete exposures between preseason and in-season were compared using either Student t tests or Wilcoxon rank sum tests. For the Wilcoxon test, significance was assessed using the normal approximation 2-sided P value. The Shapiro-Wilk test was used to test for normality. P values ≤0.05 were reported as significant.
Comparisons of injury rates for successive injuries to the same individual and for injury type were performed using general linear models. The chi-square test was used to analyze the proportion of players with 1 or more injuries in a particular year.
Results

Injury Types and Distribution
The number of injuries per year fluctuated from a low of 54 in 2011 to a high of 85 in 2010 (Table 1 ). Injuries to the lower extremity were most common, constituting 50% of all injuries. The proportion of injuries to other anatomic areas was 21% for the head/neck, 15% for the upper extremity, and 14% for the trunk/back. Injuries were attributed to contact with another player in 59% of cases, noncontact in 32% of cases, and an unknown mechanism in 9% of cases.
Injuries were equally distributed between offensive and defensive players. The proportion of injuries was highest in defensive backs (19%), defensive lineman (18%), and offensive lineman (15%).
Overall, 70% of injuries were designated as acute and 30% were recurrent. Recurrence of an acute injury in the same season was observed in less than 2% of cases.
Players With Multiple Injuries in 1 Season
The proportion of players in a given season who sustained at least 1 injury was 50.7% (Table 1 ). The incidence of a second injury in the same season to a previously injured player was 32.3%. The incidence of a third injury in the same season to a player with 2 prior injuries was 33%. Only 1 player had 4 injuries in a single season.
Practice Injuries
All metrics for injury exposures were significantly greater during preseason than in-season excluding strength training (Table 2 and Figure 1 ). The increased injury exposures during preseason compared with in-season constituted 43.7% more practice (P < 0.0001) and 77.9% more full-contact practice (P < 0.0001).
Preseason practice injuries correlated with the full-contact practice + scrimmage injury exposures (P < 0.008) ( Table 3 and Figure 1 ). In-season practice injuries also correlated with full-contact practice + game injury exposures (P = 0.0325) and game injury exposures (P = 0.0276).
Preseason practice injury rates (practice injuries per practice athlete exposures) correlated with full-contact practice + scrimmage injury exposures (correlation coefficient, 0.701; P = 0.0110). Similarly, in-season practice injury rates correlated with the full-contact practice + game injury exposures (correlation coefficient, 0.429; P < 0.0057) and with game injury exposures (correlation coefficient, 0.476; P < 0.0019).
Game Injuries
Preseason game (scrimmage) injuries did not correlate with measurements of injury exposure (Table 4 and Figure 2 ). In-season game injuries only correlated with game injury exposures (P = 0.026) ( Table 4 and Figure 2 ).
Game injury rates (game injuries per game athlete exposures) did not correlate with measurements of injury exposure during preseason or in-season. While not statistically significant, there was again a negative or inverse relationship between fullcontact practice and the game injury rate for both preseason (P = 0.530) and in-season (P = 0.368).
Practice Versus Game Injury Rates
Overall, 48.8% (138) of injuries occurred during practice and 51.2% (145) occurred during games. The practice injury exposures over 4 years were 2229.4 AE x Min / 1000 and the game injury exposures were 492.49 AE x Min / 1000. Practices contributed 81.9% of injury exposures and resulted in 48.8% of injuries. Games contributed 18.1% of injury exposures and resulted in 51.2% of injuries. The practice injury rate per week was 0.052 injuries per AE x Min/1000 (95% CI, 0.039-0.065). The game injury rate per week was over 6 times greater at 0.317 injuries per AE x Min/1000 (95% CI, 0.254-0.380). The difference in injury rates between practices and games was significant (P < 0.0001). 
Severe Injuries and Surgeries
Overall, 49.6% of injuries were classified as severe because they prevented participation for at least 10 days. Practices contributed 50.8% of severe injuries and games contributed 49.2% of severe injuries. There were between 8 and 12 surgeries per year for football-related injuries, with an average of 9.8 per year.
Concussions
Over the 4 years, there were 41 concussions, which constituted 14.5% of all injuries. The number of concussions per year was variable, and there was not a trend over the study (Table 5 ). The average time lost per concussion was 29.2 days, and this did not demonstrate a trend over the 4 years. Forty-six percent of concussions occurred during practice (Figure 3 ). There was a significant correlation between the incidence of concussions per week and the incidence of all injuries per week (correlation coefficient, 0.505; P = 0.0001) ( Table 6) .
discussion
This study of one NCAA Division I football team recorded injuries and injury exposures weekly to evaluate the incidence of injuries in relation to training activities. Prior studies of football have not made correlations between weekly injuries and weekly injury exposures. 1, 2, [15] [16] [17] [18] [19] 21, 27, 33, 36, 38, 40, 41, 44, 46 The hypothesis was that practice type would contribute to injuries.
Injuries were due to contact with another player in 59% of cases, noncontact in 32% of cases, and due to an unidentified mechanism in 9% of cases. Seventy percent of injuries were acute and 30% were recurrent, with less than 2% recurrent in the same season. There are no comparative data for the acuity of injuries.
An average of 50.7 players were injured in any 1 season. Of this group, approximately one-third would have a second injury and approximately one-third of players with 2 injuries would have a third injury. Statistically, there was no trend for 1 injury to predispose a player to a subsequent injury in a given year.
The game injury rate was over 6 times greater than the practice injury rate, similar to other reports. 18, 21, 27, 36, 41, 44 Preseason exposure to full-contact practice and scrimmages significantly correlated with practice injuries (P = 0.008). In-season exposures to full-contact practice and games significantly correlated with practice injuries (P = 0.033). One implication of these findings is that athletes are affected by increased full-contact whether in practice or in games, and it leaves them vulnerable to practice injuries. Strength training did not correlate with practice injuries.
The incidence of concussions in practice correlated with full-contact practice (P = 0.0001). No correlations were identified between concussions occurring in games and injury exposures ( Figure 3 ). The present study has documented increased practice injuries when exposure to full-contact practice was combined with scrimmages or games. This would suggest that decreasing full-contact practice might decrease practice injuries. Interestingly, the present study also documented a trend for increased game injuries with decreased full-contact practice. These findings underscore the challenge of decreasing injuries by regulating practice type. An intervention may have unforeseen results.
One league and now the entire NCAA has responded to concussions by decreasing full-contact in both preseason and in-season practices. 29, 31, 37, 43 In the current study, concussions occurred in the same pattern as all injuries.
The major weakness of the current study is that it is an observational and not an interventional study and included only one college football team. The correlations are post hocobserved associations and they may not reflect cause-and-effect relationships and may not be generalizable. The strength of the study is its rigorous recording of all injuries and injury exposures. 4, 22, 32 conclusion Full-contact practice and scrimmages in preseason (P = 0.008) and full-contact practice and games during inseason (P = .033) contributed to practice injuries. There were no such associations with game injuries. Strength training did not contribute to injuries. Concussions had an injury pattern that was similar to the injury pattern for all injuries. 
